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INTRODUCTION AND SUMMARY OF ACCOMPLISHMENTS ///////,

The PAHO Project BRA 4311 is located An Belém, Brazil and works in
close conjuction with and has laboratory space at the Institute Evandro
Chagas, a research center administered By the Brazilian Public Health
Service (FSESP). The sole area of ipVestigation for the USAMRU-Belém is
the ecology of arbovirus diseases. y’Current efforts attempt to elucidate
the endemic and epidemic cycles of Oropouche (ORO) virus. This virus cause
disease in man generally of about 7 days duration, with some patients severe-
ly ill, occasionally to the point of prostration. This disease has been
reported to cause large scale epidemics in urban areas of northern Brazil.

® Accomplishments included in this report with regard to ORO virus have
been divided into two major categories; studies on the epidemic cycle, and
studies on the endemic cycle. Under the category studies on the epidemic
cycle, conclusive data are presented which establish the midge, Culicoides
paraensis, as the primary epidemic vector of ORO virus. Subsequent sections
present results of investigations of the basic ‘biology of this midged)all of
which will be of immense value should effective control measures be dasired,
such as would be necessary to combat an ep1dem1c of ORO virus dlsease.

1;% second section of studies on the epldemlc cycle of ORO virus deals
with man as the principal vertebrate host in the epidemic cycle. Here evi-=
dence is presented which indicates that, when infected, man circulates ORO
virus in sufficient titer to infect feeding C. paraensis.

Finally, results of an epidemic of ORO virus disease which occurred
in and around Tomé, Acii, Pard, Brazil are reported.j These results provide
striking verification of the theories proposed in the previous two sections.
Clearly, C. paraensis is the predominant vector in tRis outbreak, and in
all likelihood man is the only amplifying host.

Investigations of the endemic cycle of ORO virus are also reported.
Three separate sites were sampled during 1977-1978, Curud-Una, Mojui dos
Campos and Cachoeira Porteira, all located in Pard, Brazil. Vertebrates
were sampled from all 3 localities, and insects were sampled at 2 of the 3
sites, Oropouche virus was not found among any insects tested; however,
results of the serological surveys indicate that primates and certain
groups of birds had been previously exposed to the virus.

In early 1978 the PAHO team was invited to participate in investiga-
tions of an epidemic of unknown etiology which was in progress in Belterra,
Par8, Brazil. It was soon determined that Yellow Fever (YF) and Mayaro (MAY)
viruses were both responsible for this epidemic. The occurrence of epidemic
MAY virus provided a unique opportunity to study a virus known to cause
disease in man in the Amazon Basin, but previously reported only incidentally.
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Studies of MAY virus are organized in the same format as those for
ORO virus; studies on the epidemic cycle, and studies on the endemic cycle.
Studies on the epidemic cycle describe in detail the epidemic of Belterra.

Following a brief synopsis of the. literature pertainint to MAY virus
and a detailed description of Belterra, a summary of the clinical manifesta-
tions of MAY virus infection in man is presented. These results indicate
that infection with this virus results in severe, debilitating disease of
approximately one week's duration. No deaths were attributed to infection
with MAY virus. It was especially fortunate that a complete census of
Belterra had just been completed in December, 1977, consequently accurate
denominator informatien was available for accurate estimates of attack rates.
A clinically apparent attack rate of between 89 and 96X was estimated for
those infected among all age groups in Belterra, and from 94 to 100X among
that segment of the population over 10 years old. Approximately 202 of the
4000 residents of Belterra were infected during this epidemic.

Subsequent sections deal with vectors and vertebrate involved in the
epidemic cycle of MAY virus. Entomological investigations indicate that the
principal, if not only vector of MAY virus in ths epidemic was Haemagogus
janthinomys. Noteworthy, this was also the only epidemic vector of YF virus
recognized as well. Studies of the vertebrate population indicate that a
small marmoset, Callithrix argentata, was most likely the primary vertebrate
amplifying host of MAY virus in the outbreak. This was supported by the
isolation of MAY virus from a feral marmoset, and subsequent laboratory
demonstration of a considerable viremia produced following experimental
infection with Mayaro virus.

Studies on the endemic cycle of MAY virus, also conducted at Curua-Una
and Cachoeira Porteira, failed to isolate the virus. Serological results of
the vertebrates sampled indicate that primates have a high antibody prevalence
rate to MAY virus, but few other groups of vertebrates were found with antibody.

The epidemic of MAY virus investigated at Belterra indicates that the
epidemiology of this virus is different from that proposed for ORO virus.
Apparently MAY virus is restricted to a sylvatic cycle similar to jungle YF
virus. An urban vector capable of maintaining massive outbreaks as occurs
with C. paraensis and ORO virus is apparently lacking.

T T — i,
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I. ECOLOGY OF OROPQUCHE VIRUS

A. Studies on the Epidemic Cycle

1. Vector biology

a. Laboratory transmission studies

OBJECTIVE: Objective of the Oropouche virus transmission studies was to

further substantiate preliminary results with Culicoides paraensis (Goeldi)
and Culex pipiens quinquefasciatus (Say).

BACKGROUND: Oropouche (ORO) virus was first discovered in Brazil in 1960,

and subsequently it has become recognized as an important public health
problem due to its occurrence in several urban epidemics in the Amazon Basin.
Epidemiological and entomological investigations conducted during these
epidemics have strongly indicated that ORO virus was vector-borne. (Culex
pipiens quinquefasciatus and Culicoides paraensis were considered to be the
most probable vectors of the virus due to their common occurrence and superior

numerical abundance in all epidemics investigated.

In order to determine the vector potential of Cx. p. quinquefasciatus
and C. paraensis, laboratory transmission studies were conducted under control-
led conditions using hamsters as the model host. Biological transmission of
ORO virus was demonstrated for both species during the preliminary transmission
trials; however, C. paraensis appeared to be the better vector of the two.

The extrinsic incubation period for ORO virus in C. paraensis appears to be
5 to 7 days, but was not determined for Cx. p. quinquefasciatus. The
threshold viremia level required to infect feeding C. paraemsis and Cx. p.
quinquefasciatus was also not established.

DESCRIPTION: Culicoides used in the transmission studies were collected at 1
a field station where the midge populations remain active throughout the
year. Oropouche virus is not known to exist within this collecting area.
Culex p. quinquefasciatus used in the test were first generation mosquitoes
reared from wild caught populations obtained from the Bel&m urban area.

Virus strains: Oropouche virms, strain Br An 19991, was used to inoculate
the experimental animals. Young hamsters (21-23 days of age) were used as the
donor and recipient vertebrate hosts in all transmission experiments.

2 ke aaads it RN

Virus Titration: Hamsters were inoculated intracerebrally with 0.1 ml of
undiluted hamster serum containing ORO virus. Twenty to 24 hrs. following
inoculation, 0.1 ml of blood was obtained from the hamster by cardiac
puncture and immediately added to 0.9 ml of phosphate buffered saline (PBS)
containing 0.4% bovine albumin. This 1:10 dilution was further diluted and
titrated in Vero cells or suckling mice to determine the titer of ORO virus in
the donor hamster. After bleeding, the hamsters were immediately exposed to
insects included in the transmission tests.
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Virus Isolation and Identification: Individual insects were homogenized

and suspended in PBS containing bovine albumin and antibiotics. A 1.5
ml aliquot of diluent was used for Culex mosquitoes and 1.0 ml was used
for Culicoides.

After centrifugation of the insect homogenate at 1500 RPM, the
supernatant fluid was aspirated and 0.1 ml was inoculated into each of 3
tubes of Vero cells. The tubes were observed every 2 days to detect viral
cytopathic effect (CPE). Tubes demonstrating a 3 to 4 + CPE were harvested
and frozen at -60°C. To identify the virus, a 1:100 dilution of the infected
fluid was mixed with equal amounts of ORO virus hyperimmune mouse ascitic
fluid, incubated for 1 hour at 37°C, then assayed for infectivity. These tests
were performad in microtiter plates to which Vero cells were added after.
incubation of the virus and virus-serum mixtures. The-test control series
consisted of infected fluids without additions of the ORO virus hyperimmune
mouse ascitic fluids. The tests were routinely read 3-4 days pest-inocula-
tion, or when the virus controls showed a 3-4 + CPE.

PROGRESS: Tables 1 and 2 present the results of attempts to tramsmit ORO
virus to susceptible hamsters by Cx. p. quinquefasciatus which fed on
infected hamsters circulating ORO virus. As shown in Table 1, Cx. p.
quinquefasciatus were fed on a hamster with a viremia of 104.6 SMLD50/0.02
ml of ORO virus. Repeat feeding of “infected" Culex on susceptible hamsters
were conducted on days 7, 14, 21 post exposure. After the final feeding,
hamsters were observed for an additional 3 week period for clinical signs of
ORO virus. If clinical signs of ORO virus were not observed, then the hamster
was sacrificed and serologically tested for antibody to ORO virus. As the
data indicate, none of the 30 susceptiblé hamsters in this experiment showed
clinical signs of ORO virus, and all serological tests were negative for
antibody to ORO virus.

Table 2 summarizes tge results seen where 4 hamsters with viremias
of 105, 109, 107+4 and 10°° SMLD5(/0.02 ml were fed on by 4 separate lots
totalling 210 Cx. p. quinquefasciatus. Susceptible hamsters were subse-
quently exposed to each lot in the same manner as described for hamsters

in Table 1. None of the 60 susceptible hamsters used in these tests showed
clinical signs of ORO virus infection or exhibited antibody to ORO virus.

Table 3 presents the results of attempts to transmit ORO virus to
susceptible hagsgers by C. paraensis which fed on infected hamsters
circulating 10°°° SMLD5370.02 ml of ORO virus, and results of virus isolation
attempts from midges following feeding on susceptible hamsters. These results
show that 4 of 5 (80%) Culicoides assayed following feeding on susceptible
hamsters harbored ORO virus; however, only 1 (25%) of the 4 infected Culicoides
actually transmitted ORO virus to a susceptible hamster.
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Culex population. Therefore, the transmission experiments were modified and
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Culicoides which did not feed on the susceptible hamsters on the 7th
day of exposure were sacrified and individually tested for the presence of
ORO virus. From twelve Culicoides tested, 3 (25%) ORO virus isolations were
made.

Table 4 presents the results of attempts to transmit ORO virus
susceptible hamsters by C. paraensis fed on infected hamsters circulating
109-0 SMLD50/0.02 ml1 of ORO virus, and virus isolations from midgesfollowing
feeding on susceptible hamsters. These findings show that ORO virus was
transmitted to 5 (83%) of the 6 susceptible hamsters exposed to "infected"
Culicoides. Each infection resulted in the death of the hamster. Seven (54%)
of the 13 Culicoides which fed on the hamsters on day 7 were confirmed to be
infected with ORO virus.

Culicoides which did not feed on the susceptible hamsters on the 7th
day of exposure were sacrificed and individually tested for the presence of
ORO virus. Twelve Culicoides were tested and 5 isolates (42%) of ORO virus
were made. One of these infected Culicoides probably fed undetected on the
positive hamster whose associated Culicoides was negative in Table 4.

COMMENTS: In an effort to summarize the laboratory transmission results
of ORO virus, a brief discussion of the preliminary results presented in the
annual report year of 1976-77 will be included in the present comment section.

Initial biological transmission of ORO virus by Cx. p. qrhnqpefasc1atus
was demonstrated on 2 occasions during 1976-77 investigations. The first
transmission of ORO virus to a susceptible hamsteg was achieved when a test

lot of Culex were fed on a hamster circulating 10 +2 SMLD50/0.02 ml of virus.
The ORO virus transmission occurred on the 8th day when the experimental hamster
was fed upon by 21 "infected" mosquitoes. Oropouche virus transmission to this
hamster was confirmed by serological test. Transmission of ORO virus was again
demonstrated in another experiment in which a Culex lot had fed on a hamster
circulating 107:8 SMLD50/0.02 ml of virus. Oropouche virus was isolated from a
susceptible hamster fed upon by a group of 33 Culex, 21 days post exposure.
Three later transmission 8rialg gere attegp&ed | with Culex feeding on viremic
hamsters circulating 107+0s 108:2, and 10 SMLDs50/0. 02 ml of virus; however,
all the 15 susceptible hamsters exposed to refeeding by "infected" Culex were
not infected.

Based on these results, it was concluded that Cx. p. quinquefasciatus
demonstrated a high infectivity threshold and was apparently an inéfficient
vector of ORO virus.

Due to the extended colonization of the test Culex material within the
laboratory environment, it was felt that the vector competence of the laboratory
colony may have been modified, and was no longer representative of the wild urban

performed with lst generation Culex adults obtained from urban areas of Belém.

These results are presented in Tables 1 and 2. The data in these tables show

that a composite tctal of 283 Culex were fed upon 90 susceptible hamsters.

Serological tests of all exposed hamsters were negative for antibody to ORO t
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virus. The Culex pools which fed on these hamsters are being tested for the
presence of ORO virus.

A review of ORO virus transmission experiments with C. paraensis
presented earlier shows that ORO virus was transmitted to 8 susceptible
hamsters bg Culicoides which had fed previously on viremic hamsters which
titered 10°-0105.5, 107.2 and 108.2 SMLD50/0.02 ml of ORO virus. The
earliest recorded successful transmission was on day 4 post-exposure, with a
majority of the seccessful transmissions occurring between days 5 and 8. Of
the 8 hamsters infected, 4 (50%) were fed upon by 2 or fewer Culicoides. In
addition, ORO virus was isolated from 13% (28/208) of the individually tested

Culicoides which were sampled from both fed and unfed individuals. The 137

positive for ORO virus is thus not an infectivity rate, since many of those
tested had not received an initial infective blood meal.

In the transmission trials reported here the methods of separating the
"infected" midge population from the ''non-infected" population were modified
and greater standardization in the population of "infected" Culicoides was
obtained. Restrained viremic hamsters were exposed to C. paraensis for a
period of approximately 45 minutes. Following the exposure period, midges were
subjected to cool temperatures to reduce their movement. With the use of a
stereomicroscope, blood engorged midges could be separated from the non-engorged.
Therefore, only blood engorged midges were used in the subsequent transmission
trials.

Results presented in Table 3 indicate that ORO virus was transmitted to
susceptible hamsters by one (25%2) of 4 infected Culicoides which fed singly.
In a second experiment presented in Table 4, where as many as 3 individual

Culicoides were allowed to feed on a susceptible hamster, ORO virus was

transmitted by 4 (80%) of 5 infected groups of Culicoides. Among those groups
tested, 3 (75%) of the 4 positive transmissions were accomplished by single
infected Culicoides. Taken together, these results indicate a range of transmis-
gsion rates among infected Culicoides from 25 to 80%Z. These results suggest
that Culicoides are fairly efficient vectors, and are certainly better vectors
than Cx. p. quinquefasciatus.

It is difficult to explain why the transmission rates were higher for
those Culicoides which fed on the lower titered infectious blood meals. One
possible explanation is a difference in age among individuals tested in these
experiments. Since all Culicoides tested were wild caught as adults, it is
impossible to know the age of individuals tested. A second possibility is that
these results reflect the normal range of susceptibility among the wild popula-
tion, and that too few replicates have been conducted to be more specific.

In summary, laboratory transmission of ORO virus has been demonstrated
for both Cx. p. quinquefasciatus and C. paraensis. These species represent the
dominant nocturnal endophilic and the dominant diurnal endo/exophilic species
respectively, and both have been reported to feed on man in all epidemics of
ORO virus. Based on the experimental transmission studies reported here, it

i AN So
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appears that C. paraensis is the predominant epidemiz vector of ORO virus
in the urban environment. Subsequent sections of this report attempt to

define the basic biology of this vector species.




P T L TR SN o
7 B NSRS X

«10=

TABLE 1. SUMMARY OF ATTEMPTS TO TRANSMIT OROPOUCHE VIRUS TO SUSCEPTIBLE

j HAMSTERS BY CULEX PIPIENS QUINQUEFASCIATUS FED ON INFECTED
! HAMSTERS CIRCULATING 10%.6 SMLD50/0.02 ml OF OROPOUCHE VIRUS

Days post- Number of N2
infectious susceptible Mosquitoes Transmission¥*
blood meal hamsters Fed results
2 7 7 7 Neg.
14 9 9 Neg.
15 4 33 Neg.
21 10 24 Neg.
TOTAL 30 73
d
P * Serological tests were performed 21 days after last exposure to experimental !
,; insect population. Serological confirmation was determined by Neutralization
j test.
.
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TABLE 2. SUMMARY OF ATTEMPTS TO TRANSMIT OROPOUCHE VIRUS TO SUSCEPTIBLE
HAMSTERS BY CULEX PIPIENS QUINQUEFASCIATUS FED ON INFECTED
HAMSTERS CIRCULATING 10° TO 5.4 SMLD50/0.02 ml OF OROPOUCHE VIRUS

Days post- Number of NS Transmission¥
infectious susceptible mosquitoes results
blood meal hamsters fed

7 5 17 Neg.

8 15 61 Neg.

14 20 35 Neg.

2% 20 97 Neg.
TOTAL 60 210

* Serological tests were determined by Neutralization test 21 days after

last exposure to experimantal insect population
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TABLE 3. SUMMARY OF RESULTS OF ATTEMPTS TO TRANSMIT OROPOUCHE VIRUS
TO SUSCEPTIBLE HAMSTERS BY CULICOIDES PARAENSIS FED ON INFECTED
HAMSTERS CIRCULATING 106:6 SMLD50/0.02 m1 OF OROPOUCHE VIRUS,
AND ASSOCIATED VIRUS ISOLATIONS FROM MIDGES FOLLOWING FEEDING
ON SUSCEPTIBLE HAMSTERS '

Days post- N2 Transmission Virus isolated from
infectious Fed Results midges following
blood meal hamster feeding

7 1 Neg. Pos. **

7 1 Neg. Neg.

7 1 Neg. Pos.

7 1 Neg. Pos.

7 1 Pos.* Pos.

* All pos. results confirmed by Complement Fixation test.
*% All pos. results confirmed by Neutralization test.




SUMMARY OF RESULTS OF ATTEMPTS TO TRANSMIT OROPOUCHE VIRUS

TO SUSCEPTIBLE HAMSTERS BY CULICOIDES PARAENSIS FED ON INFECTED
HAMSTERS CIRCULATING 1070 SMLDg(/0.02 ml OF OROPOUCEE VIRUS,
AND ASSOCIATED VIRUS ISOLATIONS FROM MIDGES FOLLOWING FEEDING
OM SUSCEPTIBLE HAMSTERS.

Days post- Virus isolated

infectious 2 Transmission from midges

blood meal results following
feeding

2 Pos.**
1 Pos.-2 Neg.
2 Pos.

1 Neg.+
1 Pos.-2 Neg.

1 Pos.-1 Neg.

* All pos. results confirmed by Complement Fixation test.
**% All pos. results confirmed by Neutralization test.
+ Likely that this hamster was fed upon by an undetected infected

C. paraensis
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1. ECOLOGY OF OROPOUCH VIRUS

A. Studies on the Epidemic Cycle
1. Vector biology

b. Urban seasonal abundance of Culicoides paraensis

OBJECTIVES: The objectives of this section are to:

a. determine the seasonal activity patter for Culicoides paraensis
within the urban environs of Belém

b. demonstrate a relationship between seasonal rainfall and midge
population activity.

BACKGROUND: Epidemics of Oropouche (ORO) virus have been documented in |
several urban areas within the state of Pard, Brazil since 1961: Belém,
Braganga, Itupiranga, Mojui dos Campos, Santarém, Belterra and Tomé Agd.

In all epidemics investigated, two insect species have been the most common
human feeders: Culex pipiens quinquefasciatus nocturnally and Culicoides |
paraensis diurnally. Laboratory transmission studies of ORO virus with
both species have previously demonstrated that C. paraensis is the more
efficient of the two species, and these results have formed the basis for
our working hypothesis that this species is the principal epidemic vector
of ORO virus. In this and subsequent sections, discussions of the basic
biology of C. paraensis are presented. This information is essential in
the development of effective disease prevention and/or control strategies.

DESCRIPTION: Seasonal population studies for C. paraensis were conducted in
a peridomiciliary environment near (10-20 meters) houses in 2 separate city
zones of Belém, Pard, Brazil. Landing captures were performed by a team of
two collectors who captured Culicoides attempting to feed on the exposed
portion of the lower leg (knee to ankle). Captures were conducted for four |
consecutive 30 min. intervals from 14:00-16:00 hrs, at each collection site
for two consecutive days on alternate weeks. The study was initiated in July,
1977 and was continued through July 1978. Rainfall data was obtained from

an agriculture experimental research station (CEPLAC) located on the periphery
of Belém, Pard, Brazil.

PROGRESS: Figure 1 presents the mean hourly numbers of C. paraensis collected
per month, and total monthly rainfall. It is apparent from the rainfall data |
that the municipality of Belém receives a voluminous quantity of rainfall i
annually. In only one month (November) was the total rainfall measured below

75 mm. It is also apparent that the monthly rainfall shows a definite seasonal
change, with those months of December to March recording the greatest quantity.
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FIG. 1 + Peridomestic population patterns of Culicoides Earie_@s (Goeldi)
collected at two separate urban locations in the city of Belém,
. Para, Brazil, 1978 i
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The population data for C. paraensis demonstrates that Culicoides
were active in the urban areas through out the year, exhibiting a trimodal
increase in Culicoides numbers for the 13 month observation period. The
collection results show that the midge population fluctuated from 7 to 25
Culicoides for the mean hourly captures per month with peaks of activity
occurring in the months of: September-November, January-February, and May-
-June. :

COMMENTS: The collection data from the two areas of Belém demonstrate a
corresponding rise and fall in the midge population. If one assumes that the
population patterns of Culicoides are directly related to environmental
factors, then one would conclude that the environmental conditions for the
two areas are relatively similar. In addition, one would expect to observe
a correlation between the environmental parameters and midge population
patterms. When comparing the populatien and rainfall pattern, one will note
a general synchronous rise and fall of the two parameters. Thus, it was
assumed that the Culicoides population is markedly influenced by the quantity
of seasonal rainfall.

The influence of rainfall on midge population was expected since
C. paraensis breeds in aquatic to semiaquatic habitats. It will be demonstrated
in a subsequent section that decomposing banana tree vegetative matter is a
major breeding habitat for C. paraensis within an urban environment. The
decaying vegetative substrate provides the necessary wet conditions and food
substances required for midge larval development. Since immature stages of
Culicoides require a semiaquatic environment to survive and/or develop, it
then becomes apparent that a critical amount of moisture must be maintained/or
received to create favorable habitat conditions. However, dus to the good
water retention characteristics of the banana substrate, this habitat will
retain its favorable breeding conditions for short intervals of reduced
rainfall. Nevertheless, the natural water losses must be renewed periodically ‘
by rainfall to maintain a viable breeding site. The question then arises, how i
much rain is necessary to provide the minimum critical moisture conditions
for the breeding habitats.

It is also worthy to note that a lag time of approximately one month g
exists between the initial increase in rainfall and a corresponding increase |
in the midge population. This will be noted when comparing the increase in
rainfall in September followed by a population increase for Culicoides in
October and November (Figure 1). This pattern is observed again when the rain-
fall increased in December with a subsequent increase in midge numbers in
January and February. This lag time can be explained in part by the slow
developmental period observed for Culicoides larvae to reach the adult phase.

Controlled laboratory studies indicate that the developmental cycle (egg to
adult) for Culicoides is approximately one month.
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It is difficult to directly associate the quantity of rainfall
with the variations noted in the population of Culicoides. For example,
during the rainy season (January to May) it was observed that the midge
population fluctuated markedly during a part of the season which was
receiving more than 300 mm of rainfall per month. It would be reasonable
to assume that sufficient rainfall was being received to ppovide faborable
habitat conditions and to maintain a high population of adult Culicoides.
Nevertheless, a marked reduction in the population numbers was noted. At
this time, data are not available to explain the noted population reduction
occurring during the rainy season. However, it is conceivable that heavy
rainfall may result in adult midge mortality caused by drowning.

In summary, the population activity for C. paraensis was found to be
continuous throughout the year in the urban study areas of Belém. Collection
data tend to support the association of Culicoides activity with seasonal

rainfall.




I. ECOLOGY OF OROPOUCHE VIRUS

A. Studies on the Epidemic Cycle
1. Vector biology

c. Daily activity patterns of Culicoides paraensis

OBJECTIVE: The objectives of the following investigations are to quantify
the daily activity patter of Culicoides paraensis in 3 principal domestic
environs, and to monitor designated environmental parameters in each

environ.

BACKGROUND: Epidemiological and entomological observations of hematophagous
insects affecting man in his urban environment indicate that C. paraensis is
frequently the most common and dominate species. Information collected pre-
viously concerning the daily activity of this species indicates that they

are strictly diurnal blood feeders, with apparent regulated behavioral activ-
ity patterns. It has also been noted that the biting pressure observed

within a particular domestic environment is significantly variable. Therefore,
it was hoped that observations of certain environmental factors within a partic-
ular domestic environment is significantly variable. Therefore, it was hoped
that observations of certain environmental factors within a particular domestic
setting might help to explain the @ifferences observed in C. paraensis activity
pattern.

DESCRIPTION: The domestic environment evaluated in this investigation is locat-
ed on the property of an agriculture research station near experimental cacao
plots. This location was chosen due to the high population of C. paraensis

that existed in the area and the absence of adjacent housing units. Known
breeding sites for C. paraensis within this area were those of decaying vege-
tative matter of banana trees and cacao pods. Fortunately the diurnal midge
population of this area was essentially a monoculture of C. paraensis.

The house used in the study was a simple 5 room house constructed of
stucco walls and a tile roof. During the day, as is custom in tropical regioms,
the doors and windows were left open for natural ventilation. The family unit
consisted of 8 members. Domestic animals consisted of a dog and a few caged
chickens. No large domestic animals such as cattle, sheep or pigs were known to
exist within a one kilometer radius of the study site; therefore, man was the
dominate host for blood-feeding midges.

A few shade trees of various sizes and heights were maintained in the
yard. A group of larger trees flanked one side of the house at a distance of
7 to 10 meters. These trees provided a continuously shaded area throughout the
day.

e
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: The domestic environs evaluated in this investigation were intra-
i domiciliary and peridomiciliary. 7Two peridomiciliary sites were located
at approximately 10 to 15 meters from the house. One site was under a
group of shade trees while the other site was in the open a few meters
(10 meters ca.) from both the shade trees and house. :

A team of two collectors was stationed at each of the 3 collecting
sites, and each team performed biting collections for a period of 45 minutes
per hour. Each collecting team was rotated hourly among the 3 collecting sites
to prevent differences caused by collector efficiency. Continuous hourly
captures were conducted between 06:00 to 18:45 hours. Observations were made
3 times a week for approximately one months duration. Collecting containers
< were gathered periodically to enumerate the number of Culicoides captured in
each area and to determine the species present. Hydrothermographs were used
to monitor temperature and relative humidity.

1 PROGRESS: A comparative summary of the results obtained during this study
is presented in Figure 2. With little variation, midge biting activity was
noted to begin at approximately 06:00-06:15 hrs each day during the month
of observation. The activity data show that there was an ear}y morning peak
in biting activity in the house, followed by a steady decline in activity
until 10:00 hrs., subsequently, a moderate midday increase in activity was
observed for the shaded peridomiciliary site; however, a general increase in
o biting activity was recorded until midday, after which a marked decrease in
J biting activity occurred until 16:00 hrs. At 16:00 hrs all sites showed a
synchronous increase in biting activity. The late evening activity period

R

! lasts for approximately one hour before a sharp decline in numbers is noted.
‘ Shortly after 18:30, all biting actiwity for C. paraensis stops.
3
b |
|

The temperature data show that the early morning (06:00-09:00 hrs)
: temperatures and late evening temperatures (17:00-18:00 hrs) for the three
A sites vary only a few degrees of each other, while the mid-afternoon
' temperatures (13:00-16:00) show the largest range of temperature reading.

3 The site recording the highest temperatures was the exposed site, while the .
inhouse readings were intermediate between the two peridomiciliary temperature
readings.

Relative humidity readings were near 100% at the beginning of the
collections and fell the below 90% between the hours 08:00 and 17:00 hours.
The exposed peridomiciliary site showed the lowest level of humidity.
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I. ECOLOGY OF OROPOUCHE VIRUS

A. Studies on the Epidemic Cycle
1. Vector biology

d. Breeding sites of Culicoides paraensis

OBJECTIVES: The principal objective of the following investigation was
to define the breeding sites of Culicoides paraensis.
Additional objectives were to:

a. determine the relationship of seasonal rainfall and midge
abundance.

b. determine the association of preferred breeding sites and cultural
practices.

c. elucidate reasonable control methods for C. paraensis.

BACKGROUND: Epidemiological investigations conducted during epidemics of
Oropouche (ORO) virus indicate that C. paraensis was the most common and dom-
inate diurnal insect species collected in all epidemic environments. Review

of the epidemiological findings tend to support the hypothesis that C. paraensis
is the main urban vector of ORO virus, and laboratory transmission studies have
demonstrated that this species is capable of transmitting this virus. However,
before the present investigation was initiated, very little was known about

the preferred breeding sites of C. paraensis in the urban environs. Since
vector biology and ecology must be understood to establish effective and
efficient control programs, it was felt that a surveillance program should be
conducted to find and describe the natural breeding sites for this biting
midge.

DESCRIPTION: The present investigation was conducted at an agriculture exper-
imental research station (CEPLAC) located on the periphery of Belém, Pari,
Brazil. This site was selected due to the high population of C. paraensis

and security provided for collecting traps. In addition, it was apparent from
the high density of C. paraensis, that the breeding sites for this midge must
be within the confines of the research station. The spatial and ecological
associations of the research station are graphically represented in Figure 3.
The graphed area represents only a small portion of the actual area involved
in cacao production; however, it was not felt that those areas outside the
immediate collecting sites were influencing the midge population in the

study area.

Ecologically, the study site would be described as a mixed cacao and
banana tree plantation. The planting of banana trees in cacao plots is a
common cultural practice and is done so that the banana trees will provide
protective shade for young cacao trees. Adjacent areas of secondary forest
and lowland marsh bordered the area of investigation.

el Tl et vnied Ml e SN e 3 bt
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Emergent traps were used to survey different ecological habitats
for breeding of C. paraensis. The type of emergent trap utilized was
dependent upon the ecological habitats being evaluated. Description of
the habitat types and emergent trap designs were included in the 1976-
-1977 Annual Report. Therefore, only the breeding sites will be briefly

described in this section.

Since the breeding habitats in the study environment were unknown,
it was felt that several habitats would have to be investigated to determine
the preferred breeding sites. The habitats evaluated were: (1) processed
cacao hulls discarded in open piles to decompose; (2) copicus layers of cacao
leaf litter lying below the cacao trees; (3) cut banana stumps, that portion
remaining after the main trunk had been removed; (4) decomposing banana
stalks laying on the gound within the cacao and banana plots, and (5) the
marsh area composed of a rich organic compostte of decaying vegetative
matter and stagnant water.

Insect collecting containers employed with each emergent trap were
constructed with an alcohol reservoir for preserving the small bodied
Culicoides. These reservoir cups were routinely collected to process the
captured specimens. Since the purpose of the study was to define the breeding
sites of C. paraensis, this species was enumerated, while counting and
volumetric techniques were used to quantify the other midge species. Emergent
traps utilized in the different habitats were relocated periodically to allow
continuous observations of the particular study habitats.

Monthly rainfall data were collected within the CEPLAC research station.

The adult population of C. paraensis was also monitored daily at the
research station by a team of two collectors making biting counts on the lower
exposed portion of the legs for two sequential 15 minute biting captures.

PROGRESS: Data obtained from emergent traps indicate that C. paraensis were
breeding in three of the five habitat types investigated (Table 5). Two of
these habitat types were associated with decaying banana vegetative substrate
and the third breeding site was decaying cacao hulls. Of the two banana tree
substrate habitats, banana stalks were shown to be the preferred breeding site

by greater numbers of emerging midges.

The third breeding site for C. paraensis was shown to be decomposing cacac
hulls. Emergent trap data for the cacao leaf litter and marshland habitats were
negative for C. paraensis and thusly, collections in these habitats were
discontinued in February and March, respectively. However, other species of
Culicoides were collected in the marshland habitat.

Table 6 presents the quantitative composition of the Culicoides fauna in
the two principal breeding habitats represented. Culicoides paraensis is the
principal species of Culicoides breeding in the decaying banana stalk habitat
however, the cacao habitat contributed considerably less to the total
Culicoides species present. Some of the species associated with the cacao
and banana habitats are also presented in Table 6.
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Figure 4 presents the total monthly rainfall and the number of C.
paraensis recorded per trap-day collected from the cacao hull and banana
stalk habitats. It is apparent from the data available that there is
considerable variation in emergent pattern between the two breeding
habitats. The emergent population from the cacao habitats appears to be
more directly related to the rainfall pattemthan the results obtained
from the banana stalk breeding site.

Figure 5 illustrates the monthly population activity pattern for C.
paraensis within the study area. It would appear from these data that the
breeding pattern is associated with the quantity of rainfall. Moreover, the
data tend to demonstrate that a high quantity of rainfall is required to
sustain a larger population of C. paraensis at a relatively stable population
level.

Figure 6 shows the effects of a dust insecticide (BHC 1.57%) on the
population of C. paraensis when the experimental cacao trees were being
treated for insect pests. The population showed a temporary decline following
the application of insecticide; however, it is noted that by the 3rd and 4th
day post-treatment, the population had returned to numbers equivalent to the
pre-treatment levels.

COMMENTS: Data obtained in this breeding site surveillance program show that
rotting banana vegetative materials and decomposing cacao hulls are the prefer-
red breeding habitats in the study area.

At first it would appear that the banana stumps and stalks should be
considered the same habitat; however, after noting the quantity of water
associated with the two banana substrates, it was felt that a habitat
distinction was warranted. The upright banana stumps function as an artificial
reservoir for rain water, thus creating an aquatic environment, while the decay-
ing banana stalk on the ground creates a semiaquatic environment due to its
moisture retention properties. The separation of these two habitats is also
supported by the emergence data presented in Table 5. It is apparent from
the available information that decaying banana stalks are the preferred
breeding habitat when compared to banana stump habitat. Unfortunately, no
behavioral data for C. paraensisare available to explain the distinction of
breeding site selection. However, the most important fundamental fact is that
C. paraensis readily breeds in the decaying banana tree substrate.

Decaying cacao hulls were also demonstrated to be a preferred breeding
site for several species of midges and C. paraensis. When the cacao pod is
processed manually, the pod is divided into two parts to facilitate the removal
of the cacao seeds. Thus the divided hulls form artifitial containers for
breeding sites. However, it has been observed that some organic decomposition
must occur before breeding in the highly organic substrate is possible.

It has been a cultural practice for many Brazilians in the Amazon region
to plant banana trees near their residences. Within the urban environment it
is quite common to observe numerous small groups of banana trees associated
with the residences. Banana trees are maintained near the residences for
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various reasons. Normally, banana trees when planted in small groups near the
houses provide a source of fruit which supplements the family diet; however,
it has also been observed in numerous cases that banana trees are maintained
to provide shade or to prevent soil erosionm,

When a banana tree yields fruit, it is common practice to harvest the
banana cluster by cutting the entire trunk on which the fruit was borne, since
this portion of the tree will not bear fruit again. Normally, the tree trunk
is cut into several smaller sections (stalks) and left at the base of the
remaining tree. It is important to note that sectioning the banana tree trunk
increases the available breeding material, since egg oviposition and larval
development occurs primarily on the exposed ends of the stalks and the de-
caying material within. Banana stalks form a decaying substrate which is
utilized as an organic fertilizer. The length of time required for decom-
position of the banana substrate is variable depending on environmental con-
ditions; however, the substrate will normally serve as a breeding site for
midges for 2 to 4 months.

The second preferred breeding habitat associated with cultural practices
in the Amazon basin is that of cacao production. Normally, cacao plantations
are not closely associated with larger urban areas; however, large plantations
of cacao have been observed to be closely associated with smaller agriculturally
oriented urban areas. Cacao is normally harvested once a year during the
months of January-March. Normally, after the cacao pods are removed from the
tree they are taken to a central area, usually near the owners residence, and
processed for the seed from which cocoa is derived. This process is performed
by manual labor which requires the cacao pods to be opened and the seeds
extracted. The problem that is then derived from the processing is proper
disposal of large volumes of cacao hulls which have no commercial value.
Normally, the cacao hulls are pilled in large mounds and left to descompose
naturally. As the cacao substrate is decomposing it provides an excellent
breeding habitat for C. paraensis and other midge species. Depending on the
quantity of material present, the hulls may produce thousands of man-biting
midges.

Since available data indicate that the breeding sites for C. paraensis
are closely associated with cultural practices of man, then the problem arises,
what are the best methods for reducing or controlling the midge population.
Since decomposing banana vegetative matter has been found to be a preferred
midge breeding site, it appears that urban populations of C. paraemsis could
be significantly reduced if the decomposing banana material could be removed
from the residential areas. This could be accomplished by simple burial of
the banana breeding materials within the area where banana trees are grown or
by an organized municipal program in which the material is disposed of in a
sanitary landfill. Either method would isolate the material from serving as
breeding site. However, cultural modification within the urban environment
cannot be accomplished unless a majority of the residences participate in the
control program, It is conceivable that by simple cultural methods that the
urban population of C. paraensis could be reduced to a population level below
that required for transmission of ORO virus.
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Cultural control efforts in areas where there exist large cacao planta-
tions share similar problems to those noted in the urban areas; namely the
removal or destruction of the midge breeding sites. Studies conducted in a
cacao plantation environment indicate that the decomposing cacao pods are the
only substrate producing large numbers of C. paraensis. Therefore, if the cacao
pods were disposed in a proper manner this breeding habitat could be signifi- 3
| cantly reduced. Unfortunately, it is common practice to leave piles of this 1
, material near the residence, thereby creating a favorable association of human
[ blood meal and midge breeding sites.

i In the event that cultural modification programs are ineffective, !

then temporary control programs with the use of insecticide would have to 3

' be initiated. Diurnal activity patterns for C. paraensis described previ- 5
? ously indicate that the biting midge population is most active during the
1 later evening hours (16:00-18:00). Therefore, it is only reasonable to

‘ conclude that a cost-effective pesticide control program would take advantage
{ of this information and concentrate control efforts during this period.

' In summary, it would appear that basic modifications in the cultural
practices associated with the proper management of potential breeding
materials for C. paraensis could significantly reduce the potential for
occurrence of ORO epidemics in the Amazon Basin.

COMMENTS: When reviewing population activity of C. paraensis in the domestic ?
environs, it is apparant that the behavioral bitting patterns were markedly i
different between sites, and that monitored physical parameters were also
variable between environs. With the available data it is difficult to cor- %
relate biting activity with the physical parameters, since several factors

affecting biting activity were not evaluated (ex. physiolocal status of the -
biting midge, influence of light intensity and duration). However, some
beneficial information can be derived from the data.

ok

It is apparent from the large number of Culicoides collected in the
domestic environs, that thise species would be a good suspect for disease
transmission. It is strongly endophilic and readily feeds on man. The
data show that biting activity in the house and shaded collecting sites
remained fairly high throughout the day. This behavioral activity is
important since it is also human and animal behavior to seek protected
areas from the sun and higher temperatures during midday. In addition,
this activity pattern suggests that the physical parameters and humidi-y may
be involved in modifying the temporal activity pattern of C. paraemsis.

olls B i s Bt

A third parameter, which was not monitored but which is believed to
have a major effect on midge population activity, is light intensity. It
was noted that the early morning peak in biting activity began with the
rapid change in light intensity; however, during this transition phase the
physical parameters of temperature and humidity were stable.

The higher number of midges collected in areas showing lower temperatures
and higher humidities during midday tends to suggest that the Culicoides are
leaving those areas of higher temperatures and concentrating in more protected
areas. However, when zanvironmental conditions become more favorable late
in the afternoon, between 16:00-18:00 hours, the midge activity markedly
increases and disperses.
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FIGURE 4. Cumulative monthly rain fall and pattern of Culicoides
paraensis (Goeldi) emerging from breeding substrates of

decaying cocoa pods and banana stalks. Belém, Pard, Brazil,
1977-1978
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I. ECOLOGY OF OROPOUCHE VIRUS
A. Studies on the Epidemic Cycle
2. Man as the principal vertebrate host

OBJECTIVE: The objective of this section is to summarize available
information regarding human infection with Oropouche (ORO) virus.
Special areas of consideration will be the clinical syndrome and
viremia produced following infection. The underlying question is:
Can man serve as the principal vertebrate amplifying host in the
epidemic cycle of ORO virus?

BACKGROUND: The previous sections have clearly established that
Culicoides paraensis is in all probability the primary epidemic vector
of ORO virus to man. The question remains though, where the infected
vector acquires its infection. The sections on the basic biology of

C. paraensis have demonstrated that this species is intimately linked to
man though its utilization of breeding sites created by man, and in all
probability by using man as its prime source of blood meals. The behav-
ioral patterns described for this species indicate that it utilizes a
diurnal activity period and that it is not adverse to entering houses in
search of its hosts. Certainly the vector is adequately exposed to man.

The previous section which dealt. with ORO virus transmission
studies gives some idea as to the threshold of viremia needed to infect
feeding C. paraensis. While a definite critical threshold was not estab-
lished, many C. garaensis were infected when fed on a viremic hamster
which titered 10°:Y SMLD5(/0.02 ml, and most of those infected went on to
transmit ORO virus by bite to susceptible hamsters. Consequently, one
might assume that a viremia titer of this magnitude would be sufficient
to serve to infect feeding vectors.

DESCRIPTION: Information presented in this section has been taken from
the published references cited. No new studies were conducted.

PROGRESS: Clinical disease in man due to infection with ORO virus was
described in detailed by Pinheiro et al (1976). They reported on an
epidemic which occurred in the village of Mojui dos Campos, Pard, Brazil
during February, 1975. Clinical symptoms of 68 patients naturally infected
with ORO virus during this outbreak are summarized in Table 7. Most
frequently reported clinical manifestations were fever, headache, chills and
myalgia. Illness was reported to last from 2 to 7 days, and several patients
became severely ill, occasionally to the point of prostration.

Titrations of ORO virus isolated from naturally infected viremic
patients have been reported on occasion. Pinheiro et al. (1962) presented
titers of 15 patients bled during illness and showed a maximum titer of
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104.8 SMLD5(/0.02 ml. Five (33.322 8f the fifteen sera tested, had
titers equal to or greater than 10"°“ SMLD50/0.02 ml. "These results
are reproduced in Table 8. In the Mojui dos Campos study, viremia
was titrated in 6 patients, and results of comparative titration meth-
ods were also reported. In this study, 5 (83%) of the 6 sera tested
titered equal to or greater than 104. SMLD50/0.02 ml, and the highest
titer recorder was 10°-2 SMLDSOIO.OZ ml. These results are produced
in Table 9. A seventh patign&, not included in Table 9, was reported
with a miximum titer of 10°°" SMLD5(/0.02 ml. A patient in whom
viremia was followed daily was viremic during the first 4 days of
illness, but negative on the 5th day.

COMMENT: Results summarized here clearly indicate that man,
when infected with ORO virus, produces a viremia of sufficient titer
to infect at least a portion of the feeding C. paraensis. If 10°°
SMLD5/0.02 ml is used as a critical threshold to infect feeding midges
then 2 (92) of the 22 reported cases could serve as amplifying hosts.
If 104.0 SMLDc/0.02 ml is considered the critical threshold, then 11
(50%) of the %3 patients tested could contribute. With a viremic period
which spans 4 days, and apparently sufficient viremia titers to infect
feeding vectors produced during at least part of that time, it seems
probable that man is the principal vertebrate amplifying host in the
epidemic cycle of ORO virus. The fact that man may become quite i1l
with ORO virus infection, to the point of remaining at home in bed,
does not lessen the impact of this potential contribution, since it has
already shown that C. paraensis will quite readily enter houses in search
of human blood meals.
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TABLE 7. Clinical symptoms of 68 patients infected with Oropouche
virus during an outbreak in Mojui dos Campos, Pard, Brazil,

! 1975. *
i
Signs or Symptoms A
Fever 97
i Headache 88
Chills 85
' Myalgia 82
Arthralgia 67
’ Photophobia 66
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